II. Materials and Method

II.1. Collection of samples
Exfoliated scrape smears were collected from the clinically diagnosed 136 patients suffering from precancerous lesions and oral squamous cell carcinoma (OSCC) at the Out Patient Department (OPD) of Acharya Harihar Regional Cancer Center (AHRCC), Cuttack, Odisha, during May 2007-May 2009. Smearing was done on the pre-cleaned-coded microslides and the slides were fixed in aceto-alcohol (1:3) fixative, immediately. On the basis of International Classification of Diseases (ICD-10) by World Health Organization (WHO), two slides were smeared and prepared from each affected sites of the patient. Prior to the collection of samples, case-history of the patients related to their age, sex, food, habits, oral hygiene and occupation were asked and recorded for detail analysis. Out of 136 patients, 126 (92.65 per cent) were addicted to different forms of tobacco and alcohol for more than 15 years and 10 (7.35 per cent) were absolutely non-addicted. A parallel set of 136 samples were also collected from the non-addicted and non-cancerous individuals from different regions of Odisha which are called as control group. This study was approved by Subject Research Committee (SRC) of Utkal University, Bhubaneshwar, Odisha, India and necessary permission was also obtained from the Director, AHRCC, Cuttack, Odisha, India.
II.2. Staining protocol and scoring of KTCs
Wet fixed smears were stained by adopting Papanicolaou's staining protocol and counterstained with the Giemsa's solution.. One thousand cells were observed and the KTCs were scored from each stained sample following standard criteria. Findings were statistically analyzed, interpreted and correlated with the age, sex, oral sites and nature of addiction.
II.3 Statistical analyses
The mean length and breadth of the KTC was taken into account as length and breadth of the respective KTC, as each cell was measured at three different regions (middle and on its either sides) -in length and breadth-wise by using computer-assisted Cat Cam: Microscope camera of Catalyst Biotech ® . The measured values were tabulated. The nuclear-cytoplasmic ratio (N/C) was calculated after taking the area of the cytoplasm (C) and nucleus (N) of the respective cell. The findings were statistically analyzed and interpreted with respect to oral sites, sexes and nature of addiction.
III. Results
Exfoliated normal squamous cells of the oral cavity are mostly angulated and polyhedral in shape. Generally, the thickness of the squamous cell was negligible in relation to its length and breadth. They are, seen in smears as flat and polyhedral cells with a centrally placed rounded or oval nucleus in each. Variations occur in staining of the exfoliated mature normal cells, such as sky blue in Papanicolaou's stain ( Fig.1 ) and magenta colour in Giemsa's stain (Fig.2) . But, a unique type cytological atypia, named as keratinized tadpole cell (KTC) was observed only in 49 (36.03 per cent) cases of stained microslides prepared from the exfoliated scraped cytosmears collected from the oral cancer patients. As the name suggests, morphologically, the KTC appears to be an anuran tadpole larva having a large oval head and a long tail (Figs.3-5 ). Really, it is a true metamorphosis of the normal oral squamous cell (NOSC) into a tadpole cell during oral carcinogenesis. Except few, in most cases the cytoplasm of the KTC was observed to be hyperkeratinized all along its length and breadth. Nucleus was either rounded or oval, enlarged hyperchromatic and confined to the head region only. In few cases, the cytoplasms of the KTCs were hypokeratinized and nuclei were flattened to be a ribbon form and extended towards the tail region (Fig.6 ). Bi-nucleated and multinucleated KTCs were also observed in the stain ed cytosmears (Figs.7-8 ). It is important to note that exceptionally in 3 (2.21 per cent) cases, the nuclei were observed to be extended up to the tip of the tail. In such cases, the tadpole cells were found to be non-keratinized, may be either due to lack or scanty of cytoplasm or increase of nuclear material and thus, the extended nuclei cover the whole cell-both head and tail (Figs.9-11 ). Nuclear anomalies, like nuclear pleomorphism, uneven distribution of nuclear content, appearance of nuclear haloes, micronucleation and multinucleation in such cells are the clear indication of frank malignancy. (Table 1) .
With reference to the specific oral site and age group, the highest number of keratinized tadpole cells (35 in males and 40 in females) were scored from the buccal (cheek) mucosa in the age group of 50-69 years (Fig.12 ). Not only that the highest percentage of keratinized tadpole cells (53.3 per cent in males and 64.9 per cent in females) were also recorded from the buccal mucosa of 8 males and 7 females (Fig.13) . In our study, another interesting fact come into light that KTCs were frequently observed in the cytosmears of 10 (90.9 per cent) out of 11 male lingual patients and 5 (71.43 per cent) out of 7 female lingual patients ( Table 1 ) which indicates that tongue is the KTCs-prone site during lingual carcinogenesis. In addition to that, rare appearance of non-keratinized tadpole cells in the epithelia of tongue in the agegroup of 50-69 years of multiple addicted male individuals demands further research. On account of cytomorphometrical analysis, earlier we reported that the mean length and breadth of the normal squamous cells in males (Table 2) were 86.50 m (+17.234m) and 64.23m (+12.125m) respectively having an area of 5555.89m 2 (+208.362m 2 ). The nucleus of the normal squamous cell in male was measured to be 12.95m (+3.368m) in length and 12.43m (+3.235m) in breadth with an area of 160.968m 2 (+10.895m 2 ). The nuclear-cytoplasmic ratio (N/C) in males was calculated to be 1:34.5. In case of females (Table 2) , the mean length, breadth and area of the squamous cells were recorded to be 85.895m(+16.374m), 65.012m(+11.876m) and 5582.905m 2 (+194.457m 2 ) respectively. The mean length and breadth of the nucleus were 12.920m (+3.544m) and 12.530 m (+3.452m). Thus, the mean nuclear area of the normal squamous cells in females was found to be 161.887m 2 (+12.233m 2 ). Hence, the nuclear-cytoplasmic (N/C) ratio was found to be 1:34.4 in females [8] .
The KTCs in males (Table 2) were measured to be 109.557 m (35.432 m) in length having mean length of head was 34.965 m (13.230 m) and tail was 74.592m (25.432 m). The mean breadth of the head of the cell was 18.927 m (3.237 m) and the tail was 4.144 m (1.101m) and the cytoplasmic area was calculated to be 2228.024 m 2 (114.402 m 2 ). The mean length, breadth and area of the nucleus of the KTCs was found to be 13.209 m (2.324 m), 10.247 m (1.217 m) and 135.352 m 2 (2.828 m 2 ). The N/C ratio of this cell was calculated to be 1:16.4 in males. In case of females, the mean length and breadth of the KTCs was found to be 96.125m (33.625 m) and 18.734 m (3.122m), respectively. The head part of the KTCs was measured to be 35.213 m (6.357 m) in length and 26.734 m (3.122m) in breadth. The tail was measured to be 61.912 m (3.625 m) in length and 3.970 m (2.435 m) in breadth. The total mean area of the KTCs was measured to be 1794.950 m 2 (104.977). The nuclear length, breadth and area were calculated to be 12.786 m (3.405 m), 8.341m (2.221 m), and 106.648 m 2 (7.562 m 2 ) respectively. Thus, the N/C ratio was found to be 1:16.8 in females (Fig.14) . Figure 14 Sex-wise N/C ratios in NOSCs and KTCs.
IV. Discussion
Cytology is a reliable diagnostic tool in diagnosis of presence or absence of malignancy in a lesion with high accuracy rate. Silverman et al. have suggested that cytologic technique, being simple and less injuryproducing procedure, has the advantage of doing away with many undersirable features of a biopsy and that offers a simple yet reliable method of great predictability in cancer detection programme [9] . Recently, Mulki et al. have reported that the computer-assisted exfoliative cytology (oral CDX) is considered as an accurate method for detecting premalignant and malignant buccal lesions. Cytomorphometric analysis of smears obtained with oral rinse can serve as a convenient screening tool in detection of OSCC cases [10] . In this study also exfoliated scraped cytosmears from the epithelia of oral neoplasms were used and cytomorphometric analysis of rarely occurred keratinized tadpole cells (KTCs) was undertaken.
Many workers have reported earlier on the occurrence of the tadpole cells in oral smears. Cawson found tadpole cell less common (only in 1 case) in smears of oral carcinoma [11] . King also found tadpole cells and fiber cells only in 2 cases of his series [12] . Pande et al. have reported that in the cytological smears through FNAC from the Rhabdomyosarcoma of the oral cavity lesion revealed high cellularity of small groups and predominantly single cells of the spindle cell type, tadpole type, and plump round cells. Cells had large hyperchromatic nuclei with prominent nucleoli and abundant well-defined eosinophilic cytoplasm. Tumor giant cells as well as large number of mitotic figures and many binucleated cells were seen. Features were suggestive of a malignant mesenchymal tumor. Considering the age of the patient and the cytological details, a diagnosis of pleomorphic rhabdomyosarcoma was given [13] . Histopathological examination of the orofacial and neck soft tissue tumors was also reviewed by Akinbami et al. and reported that pleomorphic cells such as malignant round and spindle muscle cells, tadpole cells and prominent mitotic figures were observed in rhabdomyosarcoma cases [14] .
Singh has reported that the smear revealed inflammatory cells in 100 per cent, malignant cells in 75 per cent cases either in groups or in singles. The third type of cells 60%, the undifferentiated cells 37 per cent, and tadpole cells were the least commonly encountered cells and seen only in one i.e. in 5 per cent cases. In his study, 75 per cent cases were positive for cancer, 10 per cent were suspicious for cancer and remaining 15 per cent were given as negative for cancer [15] . In a study of pleomorphic adenoma, cytological smears revealed moderately atypical squamous cells, clumps of keratin material, necrosis, inflammatory cells and macrophages along with bland epithelial and myo-epithelial cell in fibromyxoid stroma. Few clusters of overcrowded squamous cells showed moderate to marked pleomorphism, hyperchromatic nuclei, prominent nucleoli, and moderate cytoplasm. Many dispersed tadpole-like squamous cells showed hyperchromatic and irregular nuclei with keratinized cytoplasm [16] .
Majority of the carcinomas of the oral cavity are either of well differentiated or moderately differentiated squamous cell type. In these type of cases, the malignant cells have a characteristic cytologic appearance and are usually quite easily recognized [17] . From the results achieved by workers like Sandler, it seems there is a great promise in its use in oral premalignant and in-situ carcinomas [18, 19] . But, why do oral cells exhibit such a huge cytological pleomorphism (?)-is an intriguing and a thought-provoking question. Ponte´n et al. have suggested that tissue specificity is achieved by precise regulation of protein levels in space and time, and that different tissues in the body acquire their unique characteristics by controlling not which proteins are expressed but how much of each is produced . Their findings also suggested that few proteins are 
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Nucleus Cytoplasm expressed in a cell type-specific manner, and that the phenotype and function of a cell is determined by localization and fluctuations in concentration of a large portion of the proteome [20] . Earlier we reported that the pattern of keratinization in different cytological atypias detected in exfoliated cytosmears of human oral carcinoma [21] . Recently, Vaidya and Kanojia have reported that keratin 16 and keratin 10, which are markers of cell proliferation and cell differentiation, respectively, themselves appear to regulate cell proliferation/ differentiation [22] . In the present study, the rarely detected pleomorphic keratinized tadpole cells are observed to be hypo-or hyper-keratinized, moderately differentiated and exhibited nuclear pleomorphism. Well demarcated prominent head usually with a single nucleus (or multinucleated condition) and an elongated tail mimic to an anuran tadpole larva is really a unique cytological atypia in the epithelia of oral neoplasm approaching cytodiagnostic significance. Exceptionally, rare appearance of non-keratinized tadpole cells in the epithelia of tongue in the age-group of 50-69 years of multiple addicted male individuals demands further research.
McKinley categorically stated that the nucleus is the cytogenetic house of the cell. The morphologic changes found in the nucleus reflect overall cellular activity; therefore, these should be interpreted in conjunction with the changes in other cellular compartments. Particularly, irregularities in nuclear membrane called 'nuclear membrane irregularities' are an end result of transformation and are reliable indicator of dysplasia/ neoplasia. Nuclear enlargement and nuclear hyperchromasia are some of the important features that take place secondary to the dysplastic or malignant transformation [23] .
Cytomorphologically, well differentiated squamous cell carcinoma typically appears as individual cells or cohesive sheets of tumor cells (depending on specimen procurement method) with well defined cell borders and dense cytoplasm. Some of the cells may be tadpole, fiber or strap-shaped. There is variable N/C ratio and there may be keratin and background necrosis or ghost cells [24] .
Cowpe et al. have suggested that the exfoliative cytology is capable of detecting malignant changes, through estimation of nuclear area (NA)/ cytoplasmic area (CA) using the planimeter method in Papanicolaoustained smears and concluded that 50 cells are sufficient to provide indication of malignant changes [25, 26] . Ogden et al. (1997) have also suggested that quantitative techniques, based on the evaluation of parameters such as nuclear area, cytoplasmic area, and nucleus-to-cytoplasmic area ratio (NA/CA), may increase the sensitivity of exfoliative cytology for early diagnosis of oral cancers, since these techniques are precise, objective, and reproducible [27] . Cançado et al. have concluded that the mean value for the CA and cellular diameter of keratinocytes obtained from the mucosa of normal controls was significantly greater than those of OSCC lesions. Decrease in the cellular diameter and increase in the nuclear size are two significant changes that occur in actively proliferating cell [28] .
In another study by Khandelwal and Solomon (2010) , oral smears were obtained from clinically normal appearing mucosa of OSCC patients and from the mucosa of smokers, and apparently healthy individuals were used as controls. They found statistically significant reduction in cytoplasmic area and increase in NA in cancer subjects when compared to normal controls, while there was a significant reduction in the CA of keratinocytes from OSCC lesion when compared with those from oral smears of tobacco users [29] . In a nutshell, these studies suggested that increased nuclear size and decreased cytoplasmic size followed by increased nuclear-cytoplasmic (N/C) ratio are useful early indicators of malignant transformation, and tobacco might have certain role in inducing change in the NA and CA in the keratinocytes of oral mucosa.
Cytomorphometrically, in all keratinized tadpole cells it is observed that the cytoplasmic areas are found to be decreased and the nuclear areas are in increased state. And thus, the nuclear-cytoplasmic (N/C) ratios are calculated to be in increasing order in our present study. The present findings not only corroborate with the earlier outcomes but also prove the validity of cytometric analysis to be an important tool for early detection of human oral carcinoma.
V. Conclusion
Cytological pleomorphism, no doubt, is a remarkable feature in oral neoplasia. Early detection of oral cancers is not an easy task, because in most of the cases the malignant conditions may mimic to be benign leading to delays in diagnosis and treatment. Like many cytopathologists, Kazanowska et al. fervently hope that 'Oral cytology analysis may, in the near future, be a very useful examination for patients in terms of diagnostics and monitoring, not only during the treatment but also afterwards' [30] . In the present study, it may be summarized that the genesis of moderately differentiated keratinized tadpole cells due to the metamorphosis of normal oral squamous cells is nothing but a dramatic event during oral carcinogenesis and always mimic to be a benign. But, pattern of keratinization, cellular as well as nuclear pleomorphism, mostly hyper-chromatism, micronucleation, multinucleation, nuclear haloes along with either well or ill-defined cell boundaries and with an increased nuclear-cytoplasmic (N/C) ratio in keratinized tadpole cells are the clear indication of the malignancy. Thus, appearance of KTCs irrespective of age, sex and oral sites will, no doubt, be helpful to the Cytopathologists in early detection and diagnosis of human oral carcinoma cases.
